Purpose of the study: Problem-solving therapy (PST) has been found effective when delivered to informal caregivers of patients with various conditions. In hospice, however, its translation to practice is impeded by the increased resources needed for its delivery. The study purpose was to compare the effectiveness of a PST intervention delivered face-to-face with one delivered via videophone to hospice primary caregivers. Design and methods: The study design was a randomized noninferiority trial with two groups, Group 1 in which caregivers received PST face-to-face, and Group 2 in which caregivers received PST via videophone. Family hospice caregivers were recruited from two urban hospice agencies and received the PST intervention (in three visits for Group 1 or three video-calls in Group 2) in an approximate period of 20 days after hospice admission. Standard caregiver demographic data were collected. Psychometric instruments administered to caregivers at baseline and at study completion included the CQLI-R (Caregiver Quality of Life Index-Revised), the STAI (State-Trait Anxiety Inventory), and the PSI (Problem-Solving Inventory). Results: One hundred twenty-six caregivers were recruited in the study; 77 were randomly assigned to Group 1 and 49 to Group 2. PST delivered via video was not inferior to face-to-face delivery. The observed changes in scores were similar for each group. Caregiver quality of life improved and state anxiety decreased under both conditions. Conclusions: The delivery of PST via videophone was not inferior to face-to-face. Audiovisual feedback captured by technology may be sufficient, providing a solution to the geographic barriers that often inhibit the delivery of these types of interventions to older adults in hospice.
Introduction

H
ospice services aim to provide comfort and dignity to patients at the end of life as well as provide support to their caregivers. Of the 1.56 million patients who received hospice care last year in the United States, 83% were age 65 or older, 1 making this a particularly salient concern for older adults and their caregivers.
In hospice care spouses, family members, or others who take care of a patient with a terminal illness play an essential role.. Although they are often referred to as informal caregivers, they are the primary caregivers and face immediate challenges when they accept that role and responsibility for their loved one, performing nursing tasks and dealing with emotional problems while also witnessing their loved one's dying process. 2 Given the extent of responsibilities, informal caregivers are at a higher risk for deteriorating physical health, depression, financial challenges, and premature death than demographically similar noncaregivers. 3, 4 Such health and psychological risks are compounded as caregivers tend to sacrifice their own health needs as they struggle with caregiving challenges. 5 Caregiving stress can have a significant impact, as mortality risk is found to be significantly higher in elderly caregivers who are experiencing distress compared with those who are providing care but do not feel stressed. 6 Even though the challenges and needs of hospice informal caregivers are well documented, there are very few interventions designed specifically for this population.
One cognitive-behavioral intervention that can assist with coping and problem-solving for informal caregivers in hospice is problem-solving therapy (PST). PST is defined as ''the self-directed cognitive-behavioral process by which a person attempts to identify or discover effective or adaptive solutions for specific problems encountered in everyday living.'' 8 This process highlights various potentially effective solutions for a given problem and facilitates the selection of the most effective solution. 9 A problem is defined as any present or anticipated life situation or task that requires a timely response for adaptive functioning, even though ''no effective response is immediately apparent or available to the person due to the presence of one or more obstacles.'' 9 D'Zurilla and Nezu 8 developed the relational/problem-solving conceptual framework that defines stress as a function of the reciprocal relations among stressful life events, emotional stress responses, and problem solving/coping. The actual PST approach is summarized by the acronym ADAPT, which includes the following steps: A = Attitude (adopt a positive, optimistic attitude); D = Define (define the problem by obtaining facts, identifying obstacles, and specifying realistic goals); A = Alternatives (generate alternatives for overcoming the identified obstacles and achieving goals); P = Predict (predict positive and negative consequences of each alternative and select the one with the highest probability of success); T = Try Out (implement the solution in real life and monitor its effects). 8 PST has been found effective when delivered to informal caregivers of patients with various conditions including physical or cognitive impairment, 10 dementia, 11 and traumatic brain injury. 12 Specifically in hospice, a coping skills nursing intervention labeled COPE based on PST principles was developed and tested, and was found to have the potential to improve quality of life for caregivers of hospice cancer patients. 13 In a previous pilot study, we found that PST impacts caregiver quality of life, problem-solving ability, and caregiver anxiety. 14 However, one of the barriers to adoption of PST in hospice practice pertains to the increased resources it requires, particularly the number of increased visits by clinicians and associated travel costs. The need for additional resources partially explains the review results by Northouse and colleagues 15 that demonstrate very few, if any, evidence-based caregiver interventions have been translated to or implemented in practice settings. In their meta-analysis the investigators concluded that there is a need for the exploration of technology as a cost-effective mode of intervention delivery. 15 Hospice agencies aim to improve the quality of their services in spite of limited resources; innovative technologybased tools can provide efficient ways to bridge geographic distance and expand services provided to families. Telehealth tools, such as videophones that allow for audiovisual feedback during psychoeducational interventions and bridge geographic distance, have shown promise in supporting hospice caregivers. 16 Traditional audio-only communication (e.g., the telephone) prevents nonverbal interaction and can cause communication difficulties. 17 Unable to capture nonverbal behaviors, telephone communication is not a promising candidate as a delivery mechanism for psychosocial assessments and interventions such as PST. Videophone technology, on the other hand, has been shown to capture critical, nonverbal communication necessary for assessment and is therefore a logical choice as an alternative delivery method for cognitive-behavioral interventions. 18 To date, published work has not reported whether the use of a video platform can facilitate or impede the delivery of a cognitivebehavioral intervention. If the video platform is as effective as the face-to-face delivery, it may introduce new cost-effective approaches for hospice agencies to deliver additional support to caregivers in both urban and rural areas.
The purpose of this study was to compare the effectiveness of a PST intervention delivered face -to-face with one delivered via videophone to hospice informal caregivers. We hypothesized that caregivers in the video-based group would report similar (not inferior) levels of post-intervention quality of life, problem-solving ability, and anxiety as compared with caregivers in the face-to-face group.
Design and Methods
The study design was a randomized noninferiority trial with two groups (Group 1 in which caregivers received PST face-to-face, and Group 2 in which caregivers received PST via videophone). Informal caregivers whose loved one was receiving home hospice care from our participating hospice agencies were enrolled in the study. These agencies are located in an urban setting in the Pacific Northwest, and were both Medicare and Medicaid certified. Total home admissions per year were 2619 for Hospice Agency A, and 1325 for Hospice Agency B, with an average daily census of 510 and 189, respectively, and with average length of stay of 65.2 days for Agency A and 59 for Agency B.
Caregivers referred to the study met the following criteria: (1) enrolled as a family/informal caregiver of a hospice patient; (2) 18 years or older; (3) at least sixth-grade education; (4) no or only mild cognitive impairment (assessed using the Short Portable Mental Status Questionnaire; 19 individuals with a score < 7 were excluded); and (5) without functional hearing loss or with a hearing aid that allows the participant to conduct telephone conversations as assessed by the research staff (by questioning and observing the caregiver). Additionally, caregivers needed to have access to a standard telephone line at home.
The hospice admissions staff presented the research opportunity to caregivers upon admission, asking if they would agree to be contacted by the research staff to hear more about the study. The admissions staff forwarded contact information for willing caregivers. The interventionist called and scheduled the initial visit where the project was discussed, informed consent was obtained, and demographic data were collected. A systematic review of PST for adults reveals that most studies use registered nurses and social workers as interventionists. 20 For our study, interventionists were registered nurses and social workers (M.S.W.) (with hospice experience) who underwent training in PST for a total of 25 hours.
The interventionist then opened a numbered sealed envelope, prepared in advance, containing group assignment. We pursued simple (nonrestricted) randomization to preserve complete unpredictability of each intervention assignment. This randomization minimizes bias but can yield disparate sample sizes in the groups by chance alone.
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three problems they wanted to work on, including any problems or concerns that they identified that may not have been part of the list. Before departing, the interventionist tentatively scheduled the first face-to-face or videophone session (depending on group assignment) with the caregiver. Based on the experience of a small pilot study 14 a total of three intervention visits/video-calls were made with a suggested timeline between days 5 and 18 of the hospice admission. This timeline was calculated based on average length of stay for our participating hospice agencies and also nationally, as well as on the PST recommendations. Each intervention visit or video-call lasted approximately 45 minutes. If the caregiver was assigned to the video group (Group 2), the interventionist installed the videophone at the initial visit.
The videophone was the Beamer Videophone (Vialta, Inc., CA) which operates over regular telephone lines. This model was found during our preliminary work to be user-friendly for adult users over the age of 65 years. The Beamer Videophone plugs into a regular telephone and does not interfere with its use. Only if both parties have a videophone and both parties consent to a video-call (by pressing the video button) is a video-call possible.
The agenda for the first intervention visit for caregivers, regardless of modality (face-to-face or videophone), included an explanation of the purpose of the visit/call, and confirmation of the three specific problems that the caregiver had selected from the initial visit concern list. Caregivers' Problem-Solving Inventory (PSI) scores (based on a survey described below) and subscales indicated their problem-solving style (positive problem orientation, negative problem orientation, rational problem-solving, impulsivity/carelessness, and avoidance) and allowed the interventionist to customize the delivery of the intervention. During the first visit, the interventionist also worked on steps one and two of the ADAPT model of the PST, namely ''Attitude'' and ''Defining the Problem and Setting Realistic Goals.'' For the first step the focus is on realistic optimism, that is, acceptance that problems are a normal part of life. This step focuses on promoting visualizing successful problem-solving, healthy thinking rules, positive self-talk, and using emotions adaptively. Problems identified by the caregiver were used as examples for exercises and to brainstorm about applying different approaches. The second step of defining the problem focuses on enabling caregivers to seek available facts, describe facts in a clear language, separate facts from assumptions, set realistic goals, and identify obstacles to overcome.
During the second intervention visit (suggested timeline: 11 to 13 days after hospice admission) the interventionist covered steps three and four of the ADAPT model.
Step three encourages caregivers in being creative and generating alternative solutions.
Step four focuses on predicting the consequences and developing a solution plan. This step involves evaluating alternatives and choosing the one that is most likely to effectively solve the identified problem.
The third visit (suggested timeline: 16 to 18 days after hospice admission) focused on step five, namely trying out the solution plan and determining if it works. The general goal is to systematically evaluate the solution that caregivers implemented as a result of the previous steps to determine if it was effective in solving (or improving) the identified problem.
Finally, all caregivers received a face-to-face exit interview a few days after the last intervention visit. Caregivers were interviewed about their perceptions of the problem-solving intervention and potential benefits or concerns associated with the video delivery (Group 2). During exit interview visits to the caregivers in Group 2 the interventionist removed the videophone. Caregivers in both groups received a $50 gift card as a token of appreciation for their participation. If the patient died before all three intervention visits were completed, the intervention was either stopped due to the patient's death or continued if the caregiver explicitly stated that they wished to continue (as an addition to the standard bereavement services of the hospice agency).
Treatment fidelity
To ensure treatment fidelity to the PST intervention, we used a training and treatment fidelity manual. The guide detailed the training of research staff (two interventionists), the nature of each of the three intervention visits, and the protocol for administering each of the evaluative instruments. All face-to-face visits (for subjects in intervention Group 1) and all video-calls (for subjects in intervention Group 2) were audio-recorded by the research staff, and a randomly chosen sample of 10% of all recordings was studied to ensure the integrity of the intervention protocol. Recordings were independently rated by two members of the research team (GD, DPO) for overall adherence to the protocol and inclusion of all required elements, as well as to confirm that no contamination took place (e.g., a case where the interventionist provided specific advice for a problem without allowing the caregiver to review and select an option). Our intervention monitoring tools were refined based on recommendations by Radziewicz and coworkers 21 to help assure fidelity in individualized intervention studies.
Measures
Standard demographic data were collected from caregivers during the initial visit, including age, gender, ethnicity, race, education level, marital status, occupation, and diagnosis of patient.
The following psychometric instruments were administered at the initial and last visits:
Caregiver Quality of Life Index-Revised (CQLI-R). The CQLI-R includes four dimensions: emotional, social, financial, and physical. 22 This four-item instrument was designed specifically for hospice caregivers, and its reliability and validity have been established. 22 Our research team has revised the CQLI instrument for use in oral interviews using 0 and 10 for each of the four anchors in place of the visual analog scale and validated with hospice caregivers.
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The State-Trait Anxiety Inventory (STAI). The STAI is a self-report assessment instrument that includes separate measures of state and trait anxiety. The present study specifically investigated state anxiety, defined as a "transitory emotional state or condition of the human organism that is characterized by subjective, consciously perceived feelings of tension and apprehension, and heightened autonomic nervous system activity.'' 24 Problem-Solving Inventory (PSI). The PSI is a 35-item Likert-type inventory that assesses problem-solving appraisal,
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or an individual's perceptions of their problem-solving behavior and attitudes. 25 Five subscales measure problemsolving style (positive, rational, negative, impulsive, and avoidant problem-solving attitudes).
Statistical analysis
Linear mixed modeling was used to estimate the intervention effect: the average change in a measure before and after the intervention. In a linear mixed model all participants contribute to estimating of the intervention effect-even if they are missing follow-up measures. Linear mixed models and analysis of covariance (ANCOVA) were both used to estimate differences in treatment effects. ANCOVA is a complete case analysis, excluding all participants with missing data. To test for noninferiority of videophone delivery, we first established a minimally significant clinical effect. These were defined a priori as a 10% adverse change in a given measure. Furthermore, we assumed inferiority (video is clinically significantly less effective than face-to-face) and if the 90% confidence interval (CI) for the difference between video and face-to-face did not contain the minimally significant effect, we rejected the null hypothesis and accepted the video intervention as noninferior to the face-to-face intervention at the 95% confidence level.
Results
A total of 138 caregivers referred to our research team by the participating hospice agencies were contacted by phone to assess their eligibility and interest in the study. Eight caregivers chose not to participate citing lack of time or interest and/or anticipated travel responsibilities, and four caregivers were not eligible to participate (one was a paid/professional caregiver rather than an informal one, and for three the patient had died prior to being contacted). The remaining 126 caregivers were recruited in the study following a block randomization approach; 77 were randomly assigned to the faceto-face group (Group 1) and 49 to the video group (Group 2). Each caregiver was the primary caregiver of a patient (we did not recruit more than one caregiver of the same patient). Of all 126 caregivers, 89 caregivers (71%) completed the full study protocol, whereas 38 caregivers did not complete all intervention steps (36 participated until their patient died before study completion and 2 voluntarily withdrew). Figure 1 illustrates subject enrollment and study flow.
FIG. 1. Flow diagram of subject enrollment and participation.
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In terms of caregivers' education, the majority had some college education or higher. In terms of ethnic and racial representation, the vast majority were non-Hispanic Caucasian. Table 1 lists subjects' demographic characteristics. Fiftynine caregivers were adult children of a hospice patients, 38 were taking care of a spouse/partner, 4 of a sibling, and 4 of a grandparent, whereas 5 were parents of an adult hospice patient and 16 identified their relationship to the patient as ''other.'' Sixty-eight caregivers resided with the patients, and in the remaining 58 cases, the patients resided elsewhere (such as a group home or nursing home). At baseline, no significant differences were observed between groups in terms of their age and sex or baseline assessments (see Table 2 ).
As hypothesized, problem-solving therapy delivered via video was not inferior to face-to-face delivery. The observed changes in scores were similar for each group and in the expected direction of the scale. Caregiver quality of life improved and state anxiety decreased under both conditions (see Table 3 for aggregate estimates of the effects of the intervention).
State anxiety was the mostly affected by the intervention. Additionally, the positive, rational, negative, and avoidant subscales of the PSI were all more significant than caregiver quality of life. Both group analyses were similar to aggregate analysis of intervention effects. The intervention effect on the rational PSI subscale did not appear in the face-to-face group (see Table 4 ). No significant differences in the effect of the intervention were observed for any of the outcomes except state anxiety (see Table 5a ). In Table 5a only participants with both baseline and follow-up measures contribute to the estimation of the effect. For Table 5b all participants are included in the linear mixed model and thus contribute directly or indirectly to the estimated differences in the intervention effects. For CQLI-R and STAI, the video intervention was not inferior to the faceto-face intervention (see Table 5b ). A population average CQLI-R score for participants in the video intervention group is no more than 2.21 points lower than the average score among caregivers receiving the face-to-face intervention at the 95% confidence level. Similarly, the true mean STAI score for participants receiving the video-based intervention is no more than 0.43 points higher than among those receiving the intervention face-to-face at the 95% confidence level (see Table  5b ).
Discussion
The delivery of PST via videophone was not inferior to faceto-face delivery. Nonverbal communication essential to the delivery of a cognitive-behavioral intervention was not inhibited by the use of technology. The modality findings of this study suggest that audiovisual feedback captured by technology is sufficient, providing a solution to the geographic barriers that often inhibit the delivery of these types of interventions. Although this study was conducted in a hospice setting, it provides evidence for relative effectiveness in other health care settings.
This study also found that the intervention delivered in both modalities is associated with improvement in caregiver quality of life and problem-solving ability and reduction of anxiety. Therefore, it holds promise as an intervention that may support caregivers during their hospice experience and enable them to cope with the physical and emotional challenges of caregiving. As the video platform is found to be as effective as the face-to face-delivery, this study provides evidence for the further development of technologically enhanced, cost-effective services to support caregivers.
Subject recruitment for palliative care research is challenging due to several factors, including short length of stay, complicated inclusion criteria, and perceived study burden. 26, 27 Once we established the mechanisms to obtain and screen referrals in this trial, recruitment was successful as 91% of all referred caregivers who were contacted by the interventionist enrolled in the study. We minimized perceived study burden and used only caregiver measures that were found in previous studies to be affected by coping skills or problem-solving interventions, and limited to obtaining essential information. The timeline of the intervention for both groups was designed based on the average length of stay of the participating agencies. The inclusion criteria for this study were intentionally broad to include the largest possible number of caregivers. This study allowed us to test and finalize the PST intervention manual and fidelity protocol, which can facilitate the translation of the intervention in practice. As in many palliative care studies our attrition rate was significant as only 73% of enrolled caregivers completed all phases of the study (with most caregivers completing only portions of the intervention primarily due to the death of the patient).
There are limitations associated with the use of an equivalence or noninferiority trial design that does not incorporate a traditional control group. Without a control group, time effects potentially confound this study's estimates of the effects of intervention. For instance, state anxiety was assessed at time of enrollment in hospice and might be expected to be lower at follow-up even without the intervention. Thus, related to the implicit lack of measures of internal validity (in contrast to superiority trials), we can only estimate the relative difference between the two deliveries of the interventions, rendering external validation necessary to provide evidence for efficacy of either version of the intervention. Validation requires a protocol that is loyal to the one used to show a significant Differences between video and face-to-face intervention groups adjusted for baseline scores (only participants with both baseline and follow-up measures contribute to the estimation of the effect).
ANCOVA, analysis of covariance; CQLI-R, Caregiver Quality of Life Index-Revised; PSI, Problem-Solving Inventory; STAI, State-Trait Anxiety Inventory. Differences between video and face-to-face intervention adjusted for age and gender. The 90% confidence intervals (CIs) establish noninferiority at the 95% confidence level (all participants are included in the linear mixed model and thus contribute directly or indirectly to the estimated differences in the intervention effects).
CQLI-R, Caregiver Quality of Life Index-Revised; PSI, Problem-Solving Inventory; STAI, State-Trait Anxiety Inventory.
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difference between one of the interventions and a control group. In our case, we adopted the study protocol, primary variables, manual, instruments, eligibility criteria, conditions, and frequency of intervention used in other studies of PST and our pilot work with the PST delivery in hospice. However, there is a need for a larger controlled trial testing the intervention delivered via both modalities (face-to-face and video) against a control population (where the same pre-post assessment occurs without the delivery of the PST intervention). Reliance on regular telephone lines for the operation of the videophones was a potential limitation, given the recent trend toward abandoning landline telephones in US households. 28 We chose to use analog videophones that operate over regular phone lines because the majority of the U.S. population continues to have landlines, and the necessary infrastructure to support Internet or cellular phones has substantial geographic variation in addition to higher implementation and operation costs. The use of analog videophones reduces the intervention cost, which could be important in adoption decisions by hospice agencies. However, recent technological advances and the diffusion of the Internet introduce new opportunities for the delivery of the PST intervention using Internet-based videoconferencing solutions that can be low cost and would not require training if caregivers already have access to such resources.
Additionally, two large hospice agencies within one urban setting were used for recruitment. Obviously a multi-site design that combines urban and rural settings would have strengthened our study and increased the generalizability of our findings. Finally, the lack of racial diversity in our sample is a limitation. It is well documented that hospice care is underutilized by minorities and the vast majority of hospice clients are Caucasian. This was also reflected in our sample size, with only 13% of all subjects being non-Caucasian (which is in accordance with the national hospice statistics, which estimate that only 19% of hospice patients in 2009 in the US were non-Caucasian. 1 Our study highlighted the potential of low-cost innovative tools to enhance hospice and palliative care for families. Although not designed to test the efficacy of the intervention, findings demonstrate the potential of this problem-solving intervention for hospice caregivers. After completing the intervention, caregivers in both groups reported lower levels of anxiety, higher levels of quality of life, and improved problem-solving skills. Further research testing the efficacy in a randomized controlled trial is an important next step.
